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Background: Zm/-MnQ, Batteries

h-MnO, has been investigated as a cathode materials for Zn-ion batteries

Despite promising electrochemistry, the underlying charge storage mechanism remains unclear
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Zn-Insertion Reaction: Reversible

formation of layered structure,
ZnMn;0--3H,0 with large inter-planar
spacing upon discharge

Lee, B.; Lee, H. R.; Kim, H.; Chung, K. Y.; Cho,
B. W.; Oh, S. H. Chem. Commun. 2015, 51,
9265-9268.
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Chemical Conversion Reaction:
Insertion of H* and formation of MNOOH
and Zn,SO,(OH),. Return of -MnO, and
dissolution of Zn,SO,(OH), on charge. No
indication of Zn-insertion

Pan, H.; Shao, Y.; Yan, P.; Cheng, Y.; Han, K. S.; Nie,
Z.; Wang, C.; Yang, J.; Li, X.; Bhattacharya, P., et al. .
Nat. Energy 2016, 1, 16039.
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H*and Zr#* Coinsertion/Conversion:
Insertion of H* and Zn?*. Reversible
formation of Zn,SO,(OH), Zn?*
intercalation forming spinel ZnMn,O,

Gao, X.; Wu, H.; Li, W.; Tian, Y.; Zhang, Y.; Wu, H.;
Yang, L.; Zou, G.; Hou, H.; Ji, X. Small 2020, 16,
1905842.
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and Crystallographic Structure After Cycling

v

Phase composition of pristine and
(dis)charge products determined
by Rietveld Refinement.

Pristine - KU-MnO, (100%)
Cycle 1 Discharge i KU-MnO, (64%) and
Cycle 1 Charge - KU-MnO, (100%)

- KU-MnO,, (42%) and
Zn,S0,(OH),-5H,0 (58%)
Cycle 5 Charge 1 Broken-tunneled KU-

MnO, (78%) and Layered Chalcophanite
Structure, ZnMn,O;-3H,0 (22%)

D. Wu, L.M. Housel, S-J. Kim, N. Sadique, C.D. Quilty, L. Wu, R.
Tappero, S.L. Nicholas, S. Ehrlich, Y. Zhu, A.C. Marschilok, E.S.
Takeuchi, D.C. Bock, K.J. Takeuchi, Energy & Environmental
Science (2020). DOI: 10.1039/d0ee02168g.



Scanning Transmission Electron Microscopy (TEM) After C

Broken Tunnel U-MnO,

A.B. Brady, K.R. Tallman, E.S. Takeuchi, A.C
Marschilok, K.J. Takeuchi, P. Liu, The Journa
Physical Chemistry C 2019, 123 (41), 25042-
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ZHS (Zn,;SO,4(OH)s5H,0) (ZnM30;-3H,0)

_ _ _ ~ PDF Card: 00-060-0655 A.D.WadsleyNature, 1953,172,
ZHS formation on discharge & cryptomelane/Chalcophanite co-existence upon charge 11031104,

D. Wu, L.M. Housel, S-J. Kim, N. Sadique, C.D. Quilty, L. Wu, R. Tappero, S.L. Nicholas, S. Ehrlich, Y. Zhu, A.C. Marschilok, E.S. Takeuchi, D.C. Bock, K.J. Takeuchi,
Energy & Environmental Science (2020). DOI: 10.1039/d0ee02168g.
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Exsitu XAS Determined Chemical and Local Atomic Struct
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D. Wu, L.M. Housel, S-J. Kim, N. Sadique, C.D. Quilty, L. Wu, R. Tappero, S.L. Nicholas, S. Ehrlich, Y. Zhu, A.C. Marschilok, E.S. Takeuchi, D.C. Bock, K.J.
Takeuchi, Energy & Environmental Science (2020). DOI: 10.1039/d0ee02168g.



QuantifyingMn™ via Spatic Temporally Resolved

Fluorescence (XRF) Mappinc
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Operando cell was developed to visualize and quantlfy Mnn+ location during cycling
Operando cells exhibit comparable Galvanostatic cycling behavior with coin cells
Mn K-edge florescence maps collected repeatedly during cycling

Beamline 4-BM, X-ray Fluorescence Microprobe (XFM) at NSLS-II

D. Wu, L.M. Housel, S-J. Kim, N. Sadique, C.D. Quilty, L. Wu, R. Tappero, S.L. Nicholas, S. Ehrlich, Y. Zhu, A.C. Marschilok, E.S. Takeuchi, D.C. Bock, K.J.
Takeuchi, Energy & Environmental Science (2020). DOI: 10.1039/d0ee02168g.



OperandaXRF Mapping During Intermittent Discharge

Zn/h -MnQO, operandocell discharged in 15
minute steps, each followed by an open circu
potential rest

Mn fluorescence maps, collected every 2
minutes

Increase in Mn fluorescence intensity observe
In the electrolyte after each current discharge
iIncrement

Mn dissolution is an
electrochemically driven process

D. Wu, L.M. Housel, S-J. Kim, N. Sadique, C.D. Quilty, L. Wu, R.
Tappero, S.L. Nicholas, S. Ehrlich, Y. Zhu, A.C. Marschilok, E.S.
Takeuchi, D.C. Bock, K.J. Takeuchi, Energy & Environmental
Science (2020). DOI: 10.1039/d0ee02168g.



